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(g) A (3R,5S)-3,5,6-trihydroxyhexanoic acid derivative (1) 




(1) 
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(R^ = tert-butyl or benzyl; R^ = 0,-04; THP = tetrtiydropyranyl) is produced by enantioselectively 
hydrogenating an (S)-5.6Klihydroxy-3-oxohexanoic add with a specific mthenium-optical(y active 
phosphine complex as a catalyst By this process the derivative (1) is easily and efficiently obtained 
under mOd reaction conditions with a high selectivify for the syn-did fbnn. The derivative can easay be 
converted into a lactone moie^, which is the active part of an inhibitor of hlMG-CcA reductase. 
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The present invention relates to novei (3R,5S)-3,5,6-trihydroxyhexanoic acid derivatives useful as inter- 
mediates in the preparation of nuedicaments, and also to methods for their productbn. 

Some of the opticaity active (3R,5S)-3,5,6-trihydroxyhexanotc acid derivatives having the specific config- 
uration shown by the following formula (1') 

5 

' OR* OH 0 
•^"^^ (!') 

10 

(wherein R^' and each represents a hydrogen atom or a protective group for a hydroxy group and R^* rep- 
resents an ester forming group), are already known compounds and it is reported that these compounds can 
be easily converted into lactone moieties having the chemical structure of, eg, campactin or mevinoiin, which 
are regarded as having antihyperlipemic activity as described in K. Prasad et al., Tetrahedron Lett, , Vol. 25, 
IS No. 32, 3391-3394(1984). It is considered that the lactone nrKiiety is the active part of an inhibitor of 3-hydroxy- 
3-methylgtutaryt-ooenzyme A (hereinafter referred to as "HMG-CoA") reductase, one of the predominant en- 
zymes taking part in the increase of the concentration of cholesterol, which is the cause of hyperlipemia, and 
many analogs having the lactone moiety have been synthesized [J. R. Prous, Drugs of the Future, Vol. 12, 
No. 5, 437-442(1987)]. 

20 Many methods of sythesizing the (3R,5S)-3,5,6-trihydroxyhexanoic acid derivatives shown by the forego- 
ing formula (1 ') have been reported. As a synthesis using as a starting material a compound having asymnrtetrlc 
carbon atoms at two sites, a synthetic method starting from D-glucose, which Is a natural optically active com- 
pound, has been described by T. Lee, Tetrahedron Lett, Vol. 26, No 41 , 4995-4996(1 985); however the method 
has the disadvantage that the reaction steps needed to obtain the desired compound are numerous. 

29 Also, as a method of simultaneously introducing hydroxy groups at two sites in a syn-diol form, there is a 
method of obtaining a 3,5-dk}xohexanoic acid derivative by reacting an acetoacettc acid derivative and an 
amide compound, and reducing the reaction product using sodium borohydride and an alkoxydialkylt>orane at 
a temperature from -70**C to -78**C, as described in JP-A-1 -165547 (the term "JP-A" as used herein means 
an "unexamined published Japanese patent application') and T Hanamoto et at.. Tetrahedron Lett. . Vol. 29, 

30 No. 49, 6467-6470(1,968); however by this method, a diastereomer only is achieved and not the desired opt- 
ically active material. 

Methods of forming asymmetric carbon atoms successively at two sites have been most widely utilized, 
and the following methods (a) to (g) have been reported. 

(a) A method of obtaining an (S)-5,6-dihydroxy-3-oxohexanoic acid derivative shown by following formula 
35 (20 



DR^ 0 0 



40 




(2' ) 



(wherein R*' and R* each represents a hydrogen atom or a protective group for a hydroxy group and R2' 
represents an ester forming group), from an (S)-3,4-dihydroxybutanoic add ester derivative shown by fol- 
lowing formula (5) 




so 

(wherein Ri' and R^ have the same meaning as above and represents a hydrogen atom or an alkyi 
group), which has been synthesized from L-malicacid, which is a natural material. The foregoing hexanoic 
acid derivative (2') Is then diastereo-selectively reduced using a reducing agent, such as a mixture of so- 
55 dtum borohydride and a trialkylborane or a mixture of sodium borohydrate and an alkoxydialkylborane un- 
der a low temperature condition of about -70^0 [Eurapean Patent - 0 244 364 A2, U.S. Patent 4,970,31 3, 
G. Wess et al.. Tetrahedron Lett , Vol. 31 , No. 18, 2546-2548(1990), and K. Prasad et al.. Tetrahedron: 
Asymmetry , Vol. 1, No. 5, 307-310(1990)]. 
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(b) A method of obtaining the compound shown by foregoing formula (2*) by reacting an optically active 
butyronitrOe derivative and an a-haloacetic acid eats' in the presence of zinc and diastereo-selectively re- 
ducing the reaction product as in method (a) described above (U.S. Patent 4^83,759). 

(c) A method of synthesizing the compound shown by formula (2*) from an optically active 3-hydroxypro- 
5 pbnaidehyde derivative and diastereo-selectively reducing the synthesized product as in method (a) de- 
scribed above [M. Fukui et al., Chem. Pharm. Bull., Vol. 38. No. 10. 2890-2892{1990)]. 

(d) A method of synthesizing the compound shown by formula (2*) from 3-(3-methoxyphenyl)>2-propen- 
1-ol and then diastereo-selectively reducing, the synthesized compound as in method (a) [D. A. .Evans et 
a!., J. Org. Chem. , Vol. 66. No. 2. 741-750(1991)]. 

10 In addition, the dtastereo-selective reducing reaction of the compound shown by formula (Z) common 

to the methods (a) to (d) is also reported in K. Chen et al., Tetrahedron Lett . Vol. 28. No. 2, 1 55-1 58(1 987), 
K. Chen et al.. Chemistry Lett, 1923-1926(1987), etc. Also, in F. G. Kathawala et al.. Helv. Chim. Acta . 
Vol. 69, 803-805(1986), the diastereo-selectivities for the compound shown by foregoing formula (V) ob- 
tained in the case of using sodium borohydride and a triaIkylt>orane. ferrous chloride, zinc borohydride. 

IS etc., for the diastereo-seiective reducing reaction of the compound shown by formula (2') are compared. 
Furthermore, it Is reported that, in respect of compounds of the formula (1 ') having an allyl group or a cyano 
group in place of the hydroxy group at the 6-position (which are compounds analogous to the compounds 
of formula (1 *)). by applying the diastereo-selective reducing reaction to the substrate obtained by carrying 
out. for example, an asymmetric aldol condensation of the aforesaid compound, and then optically resolv- 

20 ing the reaction product, a corresponding optically active 3,5-dihydroxyhexanoic acid derivative can be ob- 
tained (J. E. Lynch et al.. Tetrahedron Lett . Vol. 28, No. 13, 1385-1386(1987); N. Balasubramanian et al., 
J. Med, Chem,. Vol. 32, No. 9, 2038-2041(1989); S. Y. Sit et al.. J. Med. Chem, , Vol. 33, No. 11, 2982- 
2999(1990); and U.S. Patent 5.003,080]. 

(e) A method of obtaining the compound shown by formula (2') by reacting the dianion of acetoacetic acki 

29 ester with aldehyde, and reducing the obtained compound by reaction using sodium borohydride in abso- 
lute ethanol under Ice-cooling (U.S. Patent 4,248.889). 

(f) Amethod of obtaining the compound shown by formula (5) by ring-deaving optically active 1 -benzyloxy- 
2,3-epoxy-4-hydroxybutane and after introducing a protective group to the hydroxy group, oxidizing the 
product, and synthesizing by carrying out a Reformatsky reaction of the compound of formula (5) using 

30 ethyl bromoacetate and zinc [K. Prasad et at. Tefrahedron Lett. , Vol. 25, No. 32, 3391-3394(1984)]. 

(g) A method of reacting e (3R,5R)-5-amino-3-hydroxy-hexanoic add derivatfve and a spec? ic cyan conv 
pound [Na2Fe(CN)5NO] using potassium cart>onate [G. J. McGarvey et at., J. Org. Chem., Vol. 51 , No. 20, 

' 3913-3915(1986)]. 

However, the above-described methods have the following defects:- 
35 Method (e) is a method of obtaining a racemic modification and t he desired optically active sut>stanoe can- 

not bB obtained. 

In method (Q it is difficult to obtain the optically active epoxide which is the raw material, and also the Re- 
formatsky reaction does not have selectivity for the desired syn-diol form. 

In method (g), it is difficult to obtain the raw material, and also the yield of the desired compound is low. 
40 > The diastereo-selective reducing reaction which is utilized for methods (a) to (d). which are most widely 
reported, is a method of inducing an asynvnetric atom at another site by utilizing the asymmetric atom at one 
' site and in methods (a) to (d), a desired compound can be obtained with a considerably high syn-diol form 
selectivity as compared with methods (e) to (g). However, in methods (a) to (d), the reaction must be carried 
out under a bw temperature conditk>n. whereby specific equipment is required in the case of synthesizing on 
<5 an Industrial scale; and also in these methods, an expensive reagent is required. Furthermore, in the method 
(a), L-nr>alic acid, which is the raw material. Is a very expensive compound. 

In U.S. Patent No. 4,994,602 there is described a method of overcoming these drawt>acks, comprising an 
enantioselective hydrogenation of a 4-tert-butoxyacetoacettc acid ester (which is a raw material that can be 
synthesized at a low cost) using a ruthenium-optically active phosphine complex as a catalyst to form an (S)- 
50 4-tert-butoxy-3-hydroxybutyrlc acid ester reacting the butyric acid ester thus obtained and the lithium enolate 
of an acetic acki ester to provide an (S)-6-tert-butoxy-5-hydroxy-3-oxohexanoic acid ester and obtaining the 
desired compound shown by formula (V) by diastereohselectjvely enantioselectively hydrogenating the product 
thus obtained under mild temperature conditions using a ruthenium-optically active phosphine complex as a 
catalyst 

55 However, although this method overcomes the foregoing defects as regards the raw material and the re- 
action conditions, it is not sufficiently satisfactory as regards the diastereo-selectivity of the hydroxy group at 
the 3-position of the compound of formula (1'), as the value of from 80% d.e., to 82% d.e. in the compound 
obtained is not suff Icientiy high. 

3 
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in addttion, when carrying out the diastereo-selective reaction in the foregoing methods, of the com- 
pound shown by formula (2^ is a hydrogen atom in all cases. Accordingly, of the compound shown by for- 
mula (1*) obtained is also a hydrogen atom. In other methods, the compounds shown by formula (1*) wherein 
is a hydrogen atom or a protective group for a hydroxy group can be synthesized, but the protective groups 
for the hydroxy group practicatty disclosed are a 3-substitutsd sSyi group and a phenylaminocarbonyl group 
only, which are reluctant to deprotect, requiring a very expensh^e reagent and severe reactfon conditions. 

Thus, there has been desired the development of a method of simply and efficiently obtaining a (3R,5S)- 
3,5,S-trihydPQxyhexanolc acid denvative, the hydroxy group at the 5-posftlon of which can be easiy deprotect- 
ed. 

We have discovered that a novel compound, an (S)-5,6-dihydroxy-3-oxohexanoic actd derivative, the hy- 
droxy group at the S-position of which is protected with a tetrahydropyranyl group, can be obtained; and that, 
by enantlo-selectively asymmetrically hydrogenating the foregoing compound using a specific ruthenium-opt- 
ically active phosphine complex as a catalyst, there can also be obtained a novel compound, a (3R,5S)-3,5,6- 
trihydroxyhexanoic acid derivative, the hydroxy group at the 5-positton of which is protected with the tetrahy- 
dropyranyl group. This compound which is useful as an intermediate in the preparation of certain medicaments, 
can be easily and efficiently obtained under mild reaction conditions, at low cost and at a high stereoselecth^ity 
of 99.4 : 0.6 in the formation ratio of the syn-diol form : the anU-diol form. 

According to one aspect of t he present Invention, there is provided a (3R,5S)-3,5,6-trihydroxyhexanoic acid 
derivative represented by formula (1) 



THPO 




(1) 



wherein R'' represents a tert-tnjtyl group or a benzyl group; R2 represents a lower alkyi group; and THP rep- 
resents a tetrahydropyranyl group. 

Furthernr>ore. according to another aspect of the present invention, there is provided a process of produc- 
ing a {3R,5S)-3,5,6-trihydroxyh6xanoic acid derivative represented by the formula (1) described above, which 
comprises the step of enantioselectively hydrogenating an (S)-5,6-dihydroxy-3-oxohexanoic acid derivative 
represented by formula (2) 



35 



THPO 




(2) 



(wherein R^ R2, and THP have the same nrteaning as described above) 
40 with a rutheniunrt-optically active phosphine complex represented by formula (3) as a catalyst 

Ru2X4[(R)-R3-BINAPl2N(CH2CH3)3 (3) 
wherein R^INAP represents a tertiary phosphine represented by formula (4) 



45 



so 



55 
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(4) 



represents a hydrogen atom or a lower alkyl group; and X represents a chlorine atom or a bromine atom. 
20 i n t he present inventbn. the term lower alky) group" means a straight chain or branched alkyl group having 
from 1 to 4 carbon atoms. 

In the compound of formula (1), preferably is an ethyl group and tert-butyl group. 
The (S)-5,6-dlhydrDxy-3-oxohexanotc add derivative shown by formula (2) used as the raw material in the 
production method of the present inventfon is a novel compound having as a main feature that the hydroxy 
25 group at the 5-positbn is protected with a tetrahydropyranyl group. The derivative (2) is inexpensive as cono- 
pared with the conventional compounds protected with a 3-suk>stituted silyl group or a phenylaminocartK>nyl 
group, and also has excellent syn-diol form selectivity when producing the (3R,5S)-3,5,6-trihydroxyhexanolc 
acid derivative shown by formula (1) by the productbn method of the present Invention. Furthermore, when 
* it is necessary to deprotect the tetrahydropyranyl group, It can be easily deprotected under an acid condition, 
30 whereby the foregoing derivative of formula (1) can be converted into the original alcohol. 

The compound shown by formula (2) can be obtained easily at a low cost and at a high optical purity by. 
for example, synthesizing the compound according to the following reaction scheme applied with the nrtethod 
described in U.S. Patent 4.994,602: 

36 
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(6) 



(A) 



R'-DH 



(7) 
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(8) 



IS 



(B) 



RuthenivffTMsptically 
active jdiosphlne ocxtplex 



20 




(9) 
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30 



( C ) Dihydropyran 




(D) 



(i 0) 



TwD carix>n atoms increased 



3$ 




(2) 



(In the above formulae. R\ R^, and THP have the same meaning as described above and represents a 
40 lower alkyi group.) 

(A) by reacting the easily commeiciat available 4-chloraacetoacetlc acid ester shown by fornrrula (6) and 
the alcohol shown by formula (7) by the method described in D. Seebach et aL, Synthesis . 37-40(1986), 
the compound shown by formula (8) Is obtained: 

(B) then, by enantioselectlvely hydrogenating the compound of formula (8) using a ruthenium-opticatly ac- 
45 tive phosphlne complex; RuI(R)-R^BINAPI(O^R7)2(whereln R^-BINAP has t he same meaning as descri- 
bed above and R^ represents a lower alkyl group or a trifiuoromethyl group) obtained by the method de- 
scribed in U.S. Patent 4,739,084 or the ruthenlum-optlcally active phosphine complex shown by foregoing 
formula (3) being used in the present invention as a catalyst according to the method described in U.S. 
Patent 4,933,482, the (S)-3,4-dihydroxybutanoic acid ester derivative shown by formula (9) is obtained; 

50 (C) by reacting the compound shown by formula (9) and dihydropyian, the compound of formula (10) 
wherein the hydroxy group at the 3-posltion Is protected with a tetrahydropyranyl group is obtained; and 
(D) after reacting the compound of formula (10) and the lithium enolateof an acetic acid ester by the meth- 
od described in U.S. Patent 4,994,602 or after hydrolyzing the compound of formula (10) with an alkali 
such as sodium hydroxide, the reaction product or the hydrotyzed product is reacted with a malonic acRj 

55 derivative such as potassium tert-butyl malonate, or potassium ethyl malonate, by applying the method 
described In U.S. Patent 5,003,080 to increase two cart>on aton^, whereby the compound shown by for- 
nmjla (2) is obtained. 

The rutheniunvoptically active phosphine complex shown by fornmila (3) being used in the present inven- 

6 
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tion can be obtained by the method described in U.S. Patent 4,691, 037 or T. Ocariya et al.. J. Chem. Soc. Chem. 
Commun.. 922-924(1985). 

That Is, the complex shown by formula (3) is produced by reacting under heating [RuX2(COD}l„ (wheresi 
m represents a natural number) obtained by reacting ruthenium halide (wherein the halogen is a chlorine atc^ne 
5 or a bromine atom) and cydoocta- 1 .5*diene (hereinafter, is referred to as "COD") in ethand and (R)<R^-B1NAP 
in a solvent such as toluene, or ethanol, in the presence of triethytamine. 

Specific examples of the ruthentum-optically active phosphlne complex shown by formula (3) are as fol- 
lows: 

Ru2C[4l(R)-BINAP]2N(CH2CH3)3 
10 (wherein BINAP means 2,2''bis(diphenytphosphino)-1 .1 -binaphthyl), 

Ru2a4l(R)-Tol-BINAP]2N(CH2CH3)3 
(wherein Tol-BINAP means 2.2'-bi$(di-p-tolylphosphino)-1 ,1 -binaphthyl), 

Ru2Cl4[{R)-t-Bu-BINAPl2N(CH2CH3)3 
(wherein t-Bu-BINAP means 2,2'-bis(di-p-tert-butylphenylphosphino)-1,1>binaphthylX 
15 RuzBr4l(R)-B!NAP]2N(CH2CH3)3. 

Ru2Br4(R)-Tol-BINAPUN{CH2CH3)3, and 
Ru2Br4(R)-t-Bu-BINAP]2N(CH2CH3)3. 
The production method of the present Invention is as follows. 

That is, the (S)-5,6-dihydroxy-3-oxohexanoic acid derivative shown by formula (2) is dissolved In an alco- 

20 hoi such as methanol, ethanol. iso-propanol. tert-butyl alcohol, etc., the rutheniunrvoptically active phosphine 
complex shown by formula (3) is added to the solution in an amount of from 0.0001 to 0.002 mol, and preferably 
from 0.0001 to 0.001 mol, per mol of the compound of formula (2), the hydrogenation Is carried out under a 
hydrogen pressure of from 1 0 to 1 20 kg/cm^. and preferably from 20 to 50 kg/cm^ and at a reaction temperature 
of from 25 to iOO^'C, and preferably from 30 to 50^C. The solvent is removed by distlliation. and the residue 

2S formed is purified by silica gel column chromatography to provide the desired (3R,5S)-3,5,6-trihydroxyhexa- 
nolc acid derivative shown by formula (1). . 

The (3R,5S)-3,5.6-trihydroxyhexanoic acid derivative shown by formula (1) thus obtained is a novel com- 
pound wherein the hydroxy group at the 5-position Is protected with a tetrahydropyranyl group. Also, according 
to the production method of the present invention, the compound of formula (1) can be obtained easily at a 

30 low cost and with a high syn-did form selectivity. 

Also, the compound of formula (1) is excellent in the point that when it is necessary to deprotect the tet- 
rahydropyranyl group In the case of using the cwnpound as a raw material for synthesizing a medicament, the 
group can be easily deprotected. 

In the method of the present invention, it sometimes happens that the compound wherein the hydroxy 

3S group at the S-position is deprotected is by-produced in the step of the purif icatton but the formation of such 
a compound has no influence on the foregoing syn-diol form selectivity. 

Also, by carrying out the reaction shown below according to the method described, e.g., in U.S. Patent 
4,970,313, the Isopropylidene acetal, wherein the hydroxy groups at the 3-position and the &-position are si- 
multaneously.protected, shown by formula (12) described below is obtained. The compound can be utilized in 

40 the synthesis of the active mo\ety of an inhibitor of HMG-CoA reductase, but in this case, the compound of 
formula (1) can be used for the reaction without releasing the tetrahydropyranyl gFbup;and also, when the com- 
pound wherein the hydroxy group at the 5-positk>n is deprotected is by-produced together with the compound 
shown by formula (1). they can be used for the reaction as the mixture thereof. 

45 
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THPO OH 0 




0 0 0 




(1 1) 



{] 2) 



(in the above formulae. Ri. R2, and THP have the same meaning as described above.) 

30 

EXAMPLES 

The following Examples are intended to Illustrate the present invention practically but not to limit tt anyway. 
In addition, the analyses in the Examples were carried out using the following analytical instrunrtents. 

35 

Molecular Structure: 

Infrared Absorption Spectrum (IR): Type IR-810 (trade name, made by JASCO Inc.) 
Nudear Magnetic Resonance Spectrum (NMR): Type AM-400 (400 MHz) (trade name, made by Bruker, 
40 . Inc.) 

Internal standard substance: Tetramethylsilane. 

Optical Rotation: Type DIP-370 (trade name, manufactured by JASCO Inc.) 
Optical Purity : 

High-Perfbrmance Liquid Chromatography: Hitachi Liquid Chromatography L-6000 (trade name, manufac- 
tured by Hitachi Ltd.) 

Column: Cosmosil SSL, <K.6 mm x 250 mm (trade name, manufactured by Nacalai Tesque Inc.) 
Developing Solvent: Ether/hexane = 1/9 by volume (1 ml/min.) 
50 Detector: UV Detector L-4000 (UV-254 nm) (trade name, manufactured by Hitachi, Ltd.) 

Gas Chromatography: 5890A (trade name, manufactured by Hewlett-Packard Company) 
Column: Neutra Bond 1 (trade name, manu^ctured by GL Sciences Inc.) 
Temperature: 100 to 250''C (raised at lO^'C/min.) 

55 
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REFERENCE EXAMPLE 1 

Production of Ethyl 4-BenzyloxyacetDacetate (8): 

5 in a 500 ml reaction flask were placed 8.0 g (0.2 mol) of sodium hydride and 150 ml of tetrahydrofuran. 

and then 10.8 g (0.1 mbl) of benzyl alcohol of formula (7) described above was added dropwi^ to the sus- 
pension at a temperature of from 40 to SO^'C under a nitrogen gas atmosphere. Thereafter, the resultant mixture 
was stirred for one hour and after adding dropwise 1 6.4 g (0.1 mo!) of ethyl 4-chloroacetoacetate of formula 
(6) to the mbrture, the reaction was carried out for 5 hours at room temperature. The reaction mixture obtained 

10 was added to 50 ml of ice-water and the product formed was extracted with 200 ml of toluene. After drying 
the organic layer (extract) obtained, toluene and tetrahydrofuran were distilled off and then the residue was 
distill^ to provide 14.16 g (0.06 md, percent yield 60%) of ethyl 4-benzyloxyacetoaoetate of formula (8) de- 
scribed above as a colorless transparent liquid. 
Boiling Point 135°C/1mmHg 

IS IR(neat) cnr^: 2975, 1740, 1730. 1660, 1500 
^H-NMR(CDa3): 

6ppm: 1.24(t,3H.J=7.2H2), 3.55(s.2H), 

4.16{S.2H). 4.20(q^H.J=7.2H2), 
4.55(s.2H). 7.33(aromatlc.5H) 

20 

REFERENCE EXAMPLE 2 

• Production of Ethyl (S)-4-Benzyloxy-3-hydroxybutyrate (9) : 

25 In a 100 ml autodave previously displaced with a nitrogen gas was placed 4,72 g (20.0 mmd) of ethyl 4- 

benzyloxyacetoacetate of formula (8) obtained in Reference Example 1 and after adding thereto a solution of 
35 mg (0.02 mmol) of Ru2Cl4[(R)-Toi-BINAP]2N(CH2CH3)3 dissolved in 0.1 ml of methylene chloride together 
with 3.7 ml of ethanol, the enantioseiective hydrogenation reaction was carried out under a hydrogen pressure 
of 1 0 to 1 1 kg/cm2, and at a reaction temperature of 1 00°C for 2 hours wit h stirring. After the reaction was over, 
30 the solvent was distilled off and the residue formed was distilled to provide 4.24 g (17.8 mmol, percent yield 
89%) of ethyl (S)*4-berizyioxy-3- hydroxy but /rate of formula (9) described above. 
Boiling Point 1 24*>C/0.3mmHg 

' [ajD^c=1.1,CHCl3): -11.5* 

IR(neat) cnri: 3450. 2975. 1740. 1500 

35 1H-NMR{CDCI3): 

Sppm: 1.24(t,3H.J=7.1Hz). 

Z55(d,2H,J=6.3Hz), 3.50(m.2H), 
4.17(q.2H.J=7.1Hz). 4.24(m,1H). 
4.68(s.2H), 7.32(aromatic, 5H) 
40 The ethyl (S)-4-benzyIoxy-3-hydroxybutyrate of formula (9) obtained in the above step was reacted with 

(RH+)-a-methoxy-a-bTfluoromethylphenylacetic acid (hereinafter, is referred to as "MTPA") In methylene 
chloride in the presence of N.N'-dicydohexylcarbodiimide and a catalytic amount of 4-dimethylaminopyridine 
to synthesize an MTPA ester form. As the result of analyzing the product by high-performance liquid chroma- 
tography (hereinafter, Is referred to as "HPLC"), it was confirmed that the product was a mixture of 99.15% 
45 ethyl (S)-4-benzyloxy-3-hydroxybutyrate of formula (9) and 0.85% ethyl (R)-4-ben2yloxy-3-hydroxybutyrate. 
Also, the optical purity of ethyl (S)-4-benzyloxy-3-hydroxybutyrate of formula (9) was 98.3%e.e. 

REFERENCE EXAMPLE 3 

SO Production of Ethyl (S)-4-Benzyloxy-3-tetrahydropyranyioxy-butyrate (10) : 

To 4.0 g (16.7 rmo\) of ethyl (S)-4-benzyloxy-3-hydroxybutyrate of formula (9) obtained in Reference Ex- 
ample 2 was added 20 mt of toluene and after further adding thereto 5 mg (26.3 mmol) of p-toluenesulfonic 
acid monohydrate, 1.6 g (19.0 nrtmol) of 3,4-dlhydropyran was added dropwise to the mixture at room temper- 
as ature followed by carrying out the reaction for 2 hours at the same temperature. The reaction mbcture obtained 
was washed twice with 5 ml of an aqueous solution of sodium hydrogencarbonate and dried. After distilling off 
the so^ent from the [deduct, the residue was purified by silica gel column chromatography (developing solvent: 
hexane/ethylaoetate = 9^1 by volunne) to provide 4.83 g (1 5.0 mol, percent yield 90%) of ethyKS>4*benzyloxy- 
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3-tetrahydropyFanyloxybutyrate shown by formula (10) described above as a colorless transparent liquid. 

IR(neat) onri; 2940, 1735. 1500, 1 030. 740. 700 

iH-NMR(COCIs): 

dppm: 1 .24(dt.3H, J=Z 1 Hz,7.2Hz), 

5 1.43-1.84(m,6H). 2.62(m,2H), 

3.46(m.1H). 3.54(4 1H,J=5.0HzX 
3.84(m,1H). 4.10(dq,2H.J=2.1H2.7.2Hz). 
4.30(m. 1 H), 4.54(d.2H. J=2. 1 Hz), 
4.78(m, 1 H), 7.32(afomatic5H) 

REFERENCE EXAMPLE 4 

Productton of Ethyl (S)-6-Benzyloxy"5'tetrahydropyranyloxy-3-oxohexanoate (2) : 

15 In 20 ml of methanol were dissolved 4.8 g (14.9 mmol) of ethyl (S)-4-b8n2yloxy-3-tetrahydroxypyranylox- 
ybutyrate of formula (10) obtained in Reference Example 3 and 0.656 g (16.4 mmol) of sodium hydroxide and 
the solution was refluxed for 2 hours. After distilling off methanol from the reaction mixture, 20 ml of ice-water 
was added to the residue and the mixture was extracted with 30 ml of toluene. The aqueous layer was recov- 
ered and acidified with 1 N sulfuric acid with cooling until pH became 6, the product was extracted with 50 ml 

20 of eth^ acetate. The organic layer (the extract) obtained was dried and concentrated, and the residue was 
purified by silica gel column chromatography (developing solvent hexahe/ethyl acetate = 95/5 by volume) to 
provide 4.12 g (14.0 mmol, percent yield 94%) of (S)-4-benzyloxy-3-tetrahydropyranyloxybutyric acid as a light 
yellow transparent liquid. 

IR(neat) avr^: 3400-3500, 2950, 1715. 1600 

25 Then, 4.0 g (13.6 mmol) of (S)-4-benzyloxy-3-tetFahydropyranyioxybutyric acid obtained was dissolved in 
30 ml of tetrahydrofuran and then 2.75 g (16.9 mmol) of 1,1 -carbonyldiimidazole was added to the solution at 
-15°C. Then, the mixture was stirred for one hour to increase a temperature to room temperature. The mixture 
was added dropwise to a suspension of 2.80 g (29 mmol) of magnesium chloride, 2.9 g (29 mmol) of triethy- 
^ lamine, and 4.22 g (25 mmol) of potassium ethyl nDalonate in 30. ml of tetrahydrofuran and the reaction was 

30 carried out for 6 hours at room temperature. 

The reaction mixture obtained was concentrated and after adding thereto 1 N sulfuric acid until pH t>eGame 
6 whQe coding with the addition of 20 ml of ice-water, the product was extracted with 50 ml of ethyl acetate. 
The organic layer (the extract) was recovered, dried, and concentrated. The residue fonmed was purified by 
silica gel column chromatography (developing solvent hexane/ethyi acetate ^ 9/1 by volume) to provide 3.80 

36 g (10.43 mmol) of ethyl (S)-8>benzyloxy-6>tBtrahydropyranyloxy-3-oxohexanoat6 of formula (2) described 
above as a odorless transparent liquid with a percent yield of 70% from ethyl (S)-4-benzyloxy-3-tetrahydro- 
pyranyloxybutyrate of formula (10). 
IR(neat) cnr^; 2950. 1740-1720, 1650. 1500, 1150 

^H-NMR(C0Cl3): 
40 Sppm: 1 .26(t,3H.J=7.2Hz). 1 .50-1 .80(br,6H). 

2.80(m.2H). 3.45-3.5(m.4H), 
4.26(q,2H, J=7.2Hz). 4.52(s,2H), 
7.34(arQmatic,5H) 

45 REFERENCE EXAMPLE 5 

Production of tert-Butyl (S)-6-Benzyloxy-5-tetrahydropyfanyloxy-3»oxohexanoate (2) : 

In a 200 ml reaction flask was placed 40 ml of tetrahydrofuran and after cooling the flask in ice-water to 
so Q^, 60 ml of a n-hexane solution of 1 .6M of lithium diisopropylamkle was added thereto and further a solution 
of 11.06 g (95.4 mmol) of tert-butyl acetate dissoh^ed in 10 ml of tetrahydrofuran was added dropwise to the 
mixture. Thereafter, the resultant mixture was stirred for 30 minutes, and after coding the reaction mixture to 
-20''C, a solution of 12.3 g (33.8 mmol) of ethyl (S)-6-benzyloxy-5-tetrahydropyranyloxy-3-oxohsxanoate of for- 
mula (2) dissolved in 20 ml of a tetrahydrofuran sdution was added dropwise to the reactbn mixture. Thereafter, 
55 the resultant mbcture was stirred for one hour, the reaction mixture was poured into 1 00 ml of a saturated aqu- 
eous sdution of ammonium chloride and the product was extracted with ethyl acetate. After drying the organic 
layer (the extract) obtained, the solvent was distilled off and the residue formed was purified by silica gel col- 
umn chromatography (developing solvent hexane/ethyl acetate = 95/5 by vdume) to provide 9.46 g (24.1 

10 



BNaJOCID; <E P ' 0 Saai71A2-L> 



10 



5» 0 583 171 A2 

mmol, percent yield 71%)of tert-butyl (S)-6-benzytoxy-5-tetrahydropyiwylQxy-3-Qxohexanoate of formula (2) 

as a light-yellow transparent liquid. 

IR(neat) cnr^: 2950. 1740-1720. 1650, 1500. 1150 

1H-NMR(CDCI3): 

Sppno: 1.47(9H). 1.50-1 .80{6H).2.80(m.2H), 

3,45-3.5(m,4H), 4.52(s,2H), 
7.34(aramatic,5H) 

EXAMPLE! 

Productton of Ethyl (3R,5S)-6-Ben2yiQxy'3-hydroxy'5>tetrahydrDpyranyloxyhexanoate (1) : 



After dissolving I.Og (2.75 mrnol) of ethyl (S)-6-benzytoxy-5-tetrahydropyFanyloxy-3-oxohexanoate of for- 
nmila (2) obtained in Reference Example 4 in 2.6 ml of ethano), the solution thus formed was placed in a 100 

IS ml autoclave previously displaced with a nitrogen gas. Then, after adding thereto a solution of 2.3 mg (0.0013 
mrnol) of Ru2a4[(R)-Tol-BINAP]2N(CH2CH3)3 of formula (3) dissolved in 0.1 ml of methylene chloride, the en- 
antioselecGve hydrogenatton reactioh was carried out for 18 hours with stirring under a hydrogen pressure of 
30 kg/crri2 and at a reaction temperature of 35^C. 

After the reaction was over, the solvent was recovered and the residue formed was purified by silica gel 

20 column chromatography (developing solvent: n-hexane/ethyl acetate = 85/1 5 by volume) while sinnultaneously 
removing the catalyst to provide 320 mg (0.87 mrnol, percent yield 32%) of ethyl (3R,5S)-6-benzyioxy-3-hy- 
droxy-5-tetahydropyranyloxyhaxanoate shown by formula (1) described above as a colorless transparent liq- 
uid. 

IR{neat) cnr^: 3450. 2940, 1730, 1600, 1100, 740, 700 
25 iH-NMR(CDCl3): 

8ppm: 1.28(t,3H.J=7.2H2), 1.60-1.80(m,6H), 

2.40(m,2H). 3.40(l,2H,J«5.6Hz). 
3.50(m.2H), 3.66(m.1H), 4.18(m.2H). 
4.25(q,2H.J=7.2Hz). 4.54(s,2H), 
30 7.32(aromatic,5H) 

Then, ethyl (3R,5S)-6-benzytoxy-3-hydroxy-5-tetrahydropyranyloxyhexanoate of formula (1) thus ob- 
tained was reacted with MTPA to form an ester form as in Reference Example 2 and as the result of analyzing 
by HPLC, it was confirmed that the optical purity of the product was higher than 99% ee. 

In addition, during the purification of ethyl (3R,5S)-6-i)enzyloxy-3-hydroxy'5-tetrahydropyranyIoxyhexa- 
55 noate, 209 mg (0.75 mrnol, percent yield 27%) of ethyl (3R,5S)-6-ben2yloxy-3,5-dihydroxyhexanoate without 
having the tetrahydropyranyl group as the protective group for the hydroxy group at the 5-position was obtained 
as a white crystal and the total yield of the foregoing compound and ethyl (3R,5S)-6-benzylaxy-3-hydroxy-5- 
tetrahydropyranyloxyhexanoate of formula (1) was 59%. 
Melting Point 34-35 ^'C 
40 [R(KBr) crrr^ : 3400. 2900, 1 720, 1 600, 735, 700 

1H-NMR(CDCI3): 

Sppm: 1 .26 (t,3H,J=7J2 Hz). 1 .65 (m,2H). 

2.46 (m,2H), 3.40 (m,2H); 4.08 (m,1H), 
4.18 (q,2H,J=7.2 Hz), 4.29 (m.1H), 
45 4.55 {s,2H). 7.32(aromatic5H) 

When ethyl (3R.5S)-6-benzyloxy-3,5-dihydroxyhexanpate thus obtained was reacted with acetone dime- 
t hylacetal to form isopropylidene acetal and as the result of analyzing by gas chromatography, it was confirmed 
that the formation ratio of the syn-diol form/the antiHliol form was 99/1 by weight and the selectivity for the 
syn-diol form was 98% d.e. 

50 Also, when ethyl (3R,5S)-6-benzyloxy-3,5-dihydroxyhexanoate was recrystallized from ethanol and the 
analysis was carried out by the same manner as above, it was confirmed that the formation ratio of the syn- 
diol form/the anti-diol form was 99.4/0.6 by weight and the selectivity for the syn-diol form was 98.8% d.e. 

in addition, for the sake of comparison, the compound, ethyl (3R,5S)-6-benzyloxy-5-tert-butyldimethylsi- 
lyloxy-3-hydroxyhexanoate wherein a tert-butykJimethylsllyl group, which was a conventionally known 3-5ub- 
55 stituted silyl group, was introduced in place of the tetrahydropyranyl group as the protective group for the hy- 
droxy group at the 5-position in foregoing formula (1) was synthesized. 

That is, when the foregoing enantioselective hydrogenation was carried out by the same reaction condi- 
tions as above except that ethyl (S)-6-benzyloxy-5-tert-butyldimethylsiiyloxy-3-oxohexanoate was used in 
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place of ethyl (S)-6-benzyloxy-5-tetrahydropyrany1oxy-3-oxohexanoate of fbrmula (2), a mixture of ethyS 
(3R,5S)-6-benzytoxy-5-tert-butyfdimethytst1y1oxy-3-hydroxyh6xanoate and ethyl (3R,55)-6-benzyloxy-3,5-dH 
hydroxyhexanoate without having the tert-butyldintethylsllyl group was obtained. The product mixture was in- 
duced to isopfopylidene acetal as described above and as the result of analyzing by gas dromatogFaphy, it 
5 was confirmed that the formation ratio of the syn-did form/the anti-diol form was 96/4 by weight and the se- 
lectivity for the syn-did form was d2% d.e. . 

From the foregoing results, it can be seen that when the reactions are carried out under the same condi- 
ttons, the compound of the present invention is obtained at atxHJt 6% higher selectivity in the diasteromer ex- 
cess ratio than in the case of the compound having introduced thereto the conventional protective group. The 
10 difference in the selectivity for the syn-d io) form means that the compound of the present invention is excellent, 
particularly, in the synthesis of a medlcantent. 

In addition, ethyl (S}-6-benzyioxy-5-tert-butyldimethylsilytoxy-3-oxohexanoate described above was ob- 
tained as follows. 

That is, ethyl (S)-4-benzyloxy-^hydroxybutyrate of formula (9) obtained in Reference Example 2 was re- 
fs acted wfth tert-butyldimethyl&ilyl chloride in a mixed solvent of ethyl acetate and toluene at 1 : 1 by volume in 
the presence of 1 equivalent of imidazole and a. catalytic amount of 4-dimethytaihlnopyridin6 to provide ethyl 
(S)^benzyioxy-3-tert-butyldimethyl-sily1oxyacetate, and then by increasing two carbon atoms according to 
the method described in Reference Example 4. desired ethy^ (S)-6-benzyloxy-5-tert-butyldimethytsilyloxy-3- 
oxohexanoate was obtained. 

20 

EXAMPLE 2 

Production of tert-butyl (3R,5S)-6-benzyloxy-3-hydroxy-5-tetrahydropyranyloxyhexanoate (1) : 

25 In 2.0 ml of methanol was dissolved 1.0 g (2.55 mmol) of tert-butyf (S)-6-benzyloxy-3-oxo-5-tetrahydro- 

pyranyloxyhexanoate of formula (2) obtained in Reference Example 5 and the enantioselective hydrogenation 
reaction was carried out as in Example 1 using Ru2Cl4l(R)-Tol-BINAPJ2N(CH2CHs)3 of formula (3) for 18 hours 
with stirring under a hydrogen pressure of 30 kg/cm^ and at a reaction temperature of from 35 to 40^C. After 
the reaction was over, the solvent was recovered and the residue formed was purified by silica gel column 

$0 chromatography (developing soh^ent n-hexane/ethyl acetate 85/15 by vdume) to provide 350 mg (0.89 
mmol, percent yield 35%) of tert-butyl (3R,5S}-6-benzyloxy-3-hydroxy-5-tetahydropyranyloxyhexanoatB of for- 
mula (1) as a colorless transparent liquid. 
iR(neat) cnr^: 3450, 2950, 1730, 1600, 1100, 740. 700 

<H-NMR(CDCl3): 
35 8ppm: 1.60(8,OT),1.60-1.80(m,6H), 

. Z40(m,2H), 3.40(t,2H,J=5.6Hz), 
3.50(m,2H), 3,65(m,1H), 4.18(m,2H). 
4.54(s,2H), 7.32(aromatic,5H) 
Then, tert-butyl (3R,5S)-6-benzyloxy-3-hydroxy-5-tetrahydropyranytoxyhexanoate of formula (1 ) obtained 
40 was reacted with MTPA to form an ester form as in Reference Example 2 and as the result of analyzing by 
MPLC, it was confirmed that the optical purfty of the product was higher than 95%e.e. 

In addition, during the purification of tert-butyl (3R.5S)-6-benzyloxy-3-hydroxy-5-tetrahydropyranyloxy- 
hexanoate, 280 mg (0.90 mmol, percent yield 35%) of tert-butyl (3R,5S)-6-benzytoxy-3,5-di hydroxyhexanoate 
without having the tetrahydropyranyl group as the protective group for the hydroxy group at the 5-position was 
45 obtained as a colorless transparent liquid and the total yield of the foregoing compound and tert-butyl (3R,5S)- 
8-benzyloxy-3-hydroxy-5-tetra-hydropyranyloxyhexanoate of fbrmula (1 ) was 70%. 
IR(neat) cnr^: 3450,2900,1720.1600.735.700 
iH-NMR(CDCi3): 

5ppm: 1 .80(Br,9H), 1 .65(m,2H), 2.45(m,2H), 

50 3.40(m,2H), 4-08(m,1 H), 4.29(m.1 H), 

4.55(s,2H), 7.32(aromatlc.5H) 
When tert-butyl (3R.5S)-6-benzyloxy-3,5-dihydroxyhexanoate obtained was reacted with acetone dime- 
thyl acetal to form Isopropylidene acetal and as the result of analyzing by gas chromatography, it was con- 
firmed that the formation ratio of the syn-dtol form/the anti-diol form was 91/9 by weight and the selectivity 
55 for the syn-diol form was 82% d.e. 
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50 



EXAMPLES 



Production of tert-butyl (3R,5S)-6-benzyjoxy-3-hydroxy-5-tetrahydropyranyfoxyhexanoate (1): 

5 In 4.0 mi of tert-butyl alcohol was dissolved 2.0 g (5.10 mnroQ of tert-butyl (S)-6-b8n2yfoxy-3-oxo-5'tet- 

rahydropyranyloxyhexanoate of formula (2) obtained in Reference Example 5 and the solution was placed in 
a 100 ml autoclave previously displaced with a nitrogen gas. Then, after adding thereto a solution of 4.6 nng 
(0.0026 mmoi) of Ru2a4(R)-Tol-BINAP]2N(CH2CH3)3 of formula (3) dissolved in 0.15 ml of nr>ethylene chloride, 
the enantioselective hydrogenation reactbn was carried out for 18 hours with stirring under a hydrogen pres- 

10 sure of 30 leg/cm^ and at a reaction temperature of 45^C. The conversion was 95%. 

After the reaction was over, the solvent was recovered and the residue was purified by silica gel column 
chromatography (developing solvent n-hexane/ethyl acetate ^ 85/15 by volume) while simultaneously remov- 
ing the catalyst to provide 1 .2 g (3.05 mmol, percent yield 60%) of terl-butyl (3R,5S)-6-benzyioxy-3-hydioxy- 
5-tetrahydfopyrany)oxyhexanoate of formula (1) described above as a colorless transparent liquid. 

IS Then, tert-butyl (3R,5S)-6-ben2yioxy-3-hydroxy-5-tetra-hydropyranyloxyhexanoate of formula (1) ob- 
tained was reacted with a^tone dimethyl acetal to form Isopropylidene acetal and as the result of analyzing 
by gas chromatography, it was confirmed that the formation ratio of the syn-did fornVthe antkdiol form was 
90/10 by weight and the selecthrity of the syn-diol form was 80% d.e. 

As described above, according to the present invention, the (3R,5S)-3,5,6-trihydroxyhexanoicacid deriv- 

20 ative which is a useful compound capable of being easily converted into a lactone moiety, which is the active 
part of an inhibitor of HM6*CoAreductase, can be easBy and efficiently obtained under a mild reaction condition 
with a high selectivity for the syn-diol form. 

25 Claims 

1. A (3R,5S>-3,5,6-trihydroxyhexanoic add derivative represented by formula (1) 




THPO 

1 1 

(1) 



35 wherein R^ represents a tert-butyl group or a benzyl group; R2 represents a lower aikyi group; and THP 

represents a tetrahydropyranyf group. 

2. A (3R.5S)-3;5.6-trihydroxyhexanolc acid derivative as claimed in daim 1 . wherein R^ is an ethyl group. 
^ 3. A (3R,5S)-3,5.6-trihydrpxy hexanoic acid derivative as claimed in daim 1 , wherein R^ is a tert-butyl grou p. 
4. A method of producing a (3R,5S)-3.5,6-U-lhydroxyhexanoic acid derivative represented by formula (1) 




TH.PO 

(1) 



wherein R^ represents a tert-butyf group or a benzyl group; represents a lower alkyi group; and 
THP represents a tetrahydropyranyl group, 

which comprises the step of enantioselectlvely hydrogenating an (S)-5,6-dihydroxy-3-oxohexanolc acid 
derivative represented by formula (2) 



«5 THPO 

R'O 




(2) 
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wherein W, R^, and THP have the same meaning as described above, 
with a rutheniunvoptically active phosphlne complex represented by formula (3) as a catalyst 

RuaX4[{R)-R^BINAPl2N(CH2CH3)3 (3) 
wherein R^BINAP represents a tertiary phosphine represented by formula (4) 



10 



15 



20 




(4) 



25 



wherein R' represents a hydrogen atom or a lower alkyf group; and X represents a chlorine atom or a bro- 
mine atom. 

5. . A method as claimed in claim 4, wherein the trihydroxyhexanoic acid derivative represented by formula 
(1) is subsequently reacted with 2,2-dimethoxypropane In the presence of an acid catalyst and then hy- 
drogenated to produce a compound of the following formula (12) 



30 



35 



40 



45 



SO 



66 




wherein R2 has the previous significance. 



(1 2) 
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(R' = tert-butyl or benzyl ; R2 = C1-O4 ; THP « tetrtiydropyranyl) is produced by enantbsdectivefy 
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phosphine complex as a catalyst By this process tiie derivative (1) easily and efficiently obtained 
under mild reaction conditions with a high selectivity for the syn-diol fbmi. The derivative can easOy be 
converted into a lactone moiety, which is the active part of an Inhibitor of HMG-CoA reductase. 
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